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Long-baseline neutrino physics provides a window 
into neutrino oscillation physics

Limiting factor in sensitivity for long-baseline neutrino 
physics is νe event rate and background rejection

hierarchy of  the neutrino masses, structure of the mixing 
matrix, CP Violation in the neutrino sector

Take advantage of 
existing high intensity
beam at FNAL!

New high intensity sources available for
these programs.....



Massive LArTPCs provide excellent means to 
do this physics

● Improved efficiencies and background rejection 
ameliorate statistics limitations of long-baseline 
neutrino physics

● Success of the ICARUS T600 proves technical 
feasibility for “small” detectors

● How much better are they?
● Can we build these detectors?

focus on efforts at FNAL, but there are also
efforts at T2K and CNGS
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Liquid Argon 
TPC 



Allows for high resolution imaging like bubble 
chambers, but with calorimetry and continuous 

digital readout (no deadtime)
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Electrons versus π0's at 1.5 GeV

π0

Mult ip le secondary t racks 
can be t raced back  to the 
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– 2 m ip scale per  h i t
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   Neut r ino event  generator : NEUGEN3, used by MINOS/ NOvA col laborat ion (and 
others)

   Hugh Gal lagher  (Tuf t s) is the pr incipal  author . 

   GEANT 3 detector  sim ulat ion (Hatcher , Para): t race resul t ing par t icles through a 
hom ogeneous volum e of  l iqu id argon. Store energy deposi t s in th in sl ices.

Analysis w as based on a b l ind scan of  450 events, car r ied out  
by 4 undergraduates w i th  addi t ional  scanning of  “signal”  
events by exper t s. 

Tuf ts Un iversi t y Group

Efficiency and rejection study

signal e ff iciency background re ject ion

 99 .8 % NC re ject ion 
e ff iciency

Good signal 
e ff iciency (8 1 ±7 )%



Can we build these detectors?



 

●  

Many large LNG
tanks in service

Excellent safety 
record

Last failure in 1940
understood



6 Wire 
Sectors, 
each 
containing 
6 Wire 
Planes

7 Cathode
Planes

Trusses
(schematic)

Active volume
Diameter: 40m
Height: 30m

Overview

ν beam

     15-50 kTons
       4 - 6 wire planes

Scalable

field cage



Each wire plane:
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5mm spacing
between planes

drift drift

Wires are
●150 μm stainless steel
●5mm pitch
●23m long (15kton) 

35m (50kton)
●100K total (15kton)

220K (50kton)

Wire planes
head on

2 wire readout

3 wire readout
(overconstrained)

Electrons drift 1.5m/ms (150kV field) over 3m drift region



Purit y:
3  m  drift  in LAr
    pur i f icat ion  -  star t ing f rom  atm osphere (cannot  evacuate detector  tank )
                       -  ef f ect  of  tank  wal ls & non- clean- room  assem bly process
                       
W ire-planes: 
    long w ires -  m echan ical  robustness, tension ing, assem bly, 
break age/ f ai lure 
   

Signal processing: 
      e lect ronics -  noise due to long w ire and connect ion  cables (large 
capaci t ance)

      sur face detector  -  data- rates,
       -  autom ated cosm ic ray reject ion

                               -  autom ated event  recogn i t ion  and reconst ruct ion  

Challenges for massive detector



Addressing the challenges: The 
R&D path 

or m aybe 50  kt on



~
 4

ft

Pur i t y and l igh t  
col lect ion

Pur i t y m oni tor  in  l iquid argon

LAr TPC Test Setup @ Yale



Test  Sam ples
Dew arFi l t er

ICARUS
pur i t y m oni tor

Syst em  at  Ferm ilab for t est ing f ilt e r m at eria ls and t he
 cont am inat ing e ffect s of det ect or m at eria ls (e .g.  t ank-w alls,  

cables)

G. Carugno et  al ., 
NIM. A292 (1990

Material tests



set up for life t im e m easurem ent s (e ffect  of m at eria ls 
and e ffect iveness of different  f ilt ers)  under assem bly 
at  Ferm ilab

Argon
storage

Filtration
Tank

Test
Tank

Material tests



5 m Drift Demonstration at 
Fermilab

Cryostat  draw ing f or  purchasing depar tm ent



●  m easurem ent s of t he  m echanical propert ies 
of  t he  w ires bot h at  room  t em perat ure  and in 
LAr

●  100 μ and 150  μ Stain less Steel  304V
● develop w ire  holders t hat  w ork at  cryogenic 
t em perat ure  and do not  pollut e  LAr
● det erm inat ion of w ire  t ension

●  elect rostat ic stabi l i t y
●  rest r ict ion of  sagi t t as
●  w ire suppor t s

● st udy of noise  on long w ires
●  m echanical  v ibrat ions (i .e. induced by LAr  f low )
●  m easure dam ping ef fect  of  LAr  on w ire osci l lat ions
●  study of  elect ron ics coupled to long w ires (large input  

capaci tance !)

Long wires tests



The “130 ton” detector
(50 ton fiducial)

●Physics developm ent  using exist ing t echnology
●  Est ablish successful t echnology t ransfer
●  Record and reconst ruct  com ple t e  neut r ino 

int eract ions (νμ and νe NC and CC)  on t he  
surface  in t he  presence of cosm ic rays

●  Establ ish physics col laborat ion by:
●  Developing event  ident i f icat ion
●  Developing reconst ruct ion
●  Developing analysis

●  M easure ν int eract ions in t he quasi-
e last ic and resonance region 

Where to f ind 2 GeV 
elect ron neut r inos ?



Electron Neutrinos in MINOS 
Surface Building

NuMI is present ly provid ing ~ 2E20 POT per  year .

The 130 ton LArTPC has a 50 ton f iducial  m ass.
● t he  LAr TPC det ect or w ould get  ~ 160 0  νe event s/year.

νe CC 

events /  
50 MeV

●The charged cur rent  νe 
event  spect rum  in t he 
MINOS sur face bui ld ing.

● The νe event  spect rum  
peaks just  below  2 GeV.

●There are ~ 2,000 νe events 
show n here f or  6.5E20 POT 
and the 20.4 ton f iducial  
m ass NOvA near  detector .

From  the NOvA Proposal  March  15, 2005



Muon Neutrinos in MINOS 
Surface Building

● Sam e assum pt ions 
as previous sl ide, 
except  th is show s 
~ 15,000 m uon 
neut r inos.

● The νμ peak  at  ~ 2.8 

GeV is f rom  Kaon 
decay.

From  the NOvA Proposal  March  15, 2005

νμ CC 

events /  
50 MeV

● t he  LAr TPC det ect or w ould get  ~ 34 0 0 0  νCC event s/year

    ~ 10 0 0 0  νμ CC event s/year in t he peak bet w een 2 .4  and 
3 .2  GeV



The “1 kton” tank
● Engineering Deve lopm ent  t o dem onst rat e  
sca labilit y t o large  t ank

●  Const ruct ion of t ank w it h t he  sam e 
t echniques t o be  used w it h t he  large  t ank

●  Dem onst rat e  argon purit y w it h t he  sam e 
t echniques t o be  used w it h t he  large  t ank

●

●  M echanica l int egrit y of TPC
●  Readout  signal /  noise 
●  M icrophonics due t o argon flow

● Uncover w hat ever surprises t here  m ay be
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P. Oddone Septem ber  12, 2005

growing support from university groups as well.......



Conclusions

Liquid Argon TPC detectors are great tools
for low energy neutrino physics

~1kton scale detectors have been successfully
built by ICARUS

There is a path towards adressing R&D questions
for realizing massive LArTPCs.

We have great new neutrino sources -- we should
couple these with great detectors!



From Atmospheric
and Long Baseline

Disappearance
Measurements From Reactor

Disappearance
Measurements

From Solar Neutrino
Measurements

From Long Baseline
Appearance

Measurements

Three Neutrino Mixing Matrix:

The CP Violation 
Parameter

Chooz limit is 
sin2 2θ13~0.1

Capability depends on δ and θ13



Sensitivity = 
detector mass x

detector efficiency x
protons on target/yr x

# of years

Given very high νe efficiency and NC background 
rejection well below ½ of the 
intrinsic νe beam backgrounds,

how sensitive are these detectors? 



Small Medium Large    

NOvA  30kTon            30kton + 30kton +
PD or     PD +

  x5 mass or exposure   x5 mass or exp.

LArTPC     8kton 40kton 40kton
(90% νe        + PD or
   eff.) exposure

As an example: focus on recent paper 
by Mena and Parke

hep-ph/0505202

All sensitivities assume 3 years running each in
ν and ν mode



Sensitivity to CP phase(sin δ) vs sin22θ13 for

most restrictive:
cos δ <0, normal hierarchy

cos δ >0, inverted hierarchy  

least restrictive:
cos δ >0, normal hierarchy

cos δ <0, inverted hierarchy  

CHOOZ
limit



Efficiency and Rejection study

Training samples:
50 events each of νeCC, νμCC and NC
• individual samples to train
• mixed samples to test training

Blind scan of 450 events
scored from 1-5 with
• signal=5
• background=1

– Neutrino event generator: NEUGEN3.  Used by MINOS/NOvA collaboration. 
Hugh Gallagher (Tufts) is the principal author.

– GEANT 3 detector simulation: trace resulting particles through a homogeneous 
volume of liquid argon. Store energy deposits in thin slices.

Analysis was based on a blind scan of 450 events, carried out by 
4 undergraduates with additional scanning of “signal” events by 

experts. 

plain region:
students
Hatched 
region:
experts

Tufts University Group
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Signal νe:

Overall efficiencies, rejection factors, 
and dependencies

Efficiency is ~100% for 
y<0.5, and

 ~50% above this

Efficiency is substantial 
even for high multiplicity 

events

y=Ehad/Eν


